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" ABSTRACT

This note presents the results of a geophysical/oceano-
graphic survey of Area 2 selected from Green and Fleischer
(1980). The surveyed area has an average depth of 5300 m and is
located on the eastern flank of the Hokkaido Rise. Average
unconsolidated sediment thickness is 0.45 seconds of two-way
travel time (approximately 400 m). These sediments are probably
siliceous clays interspersed with volcanic ash layers and their

• . calculated acoustic interval velocity is 1.770-1.860 km/sec.

The smoothest bottom and most homogeneous geology appear in
the northeastern section of the survey area. This section, an
area about 25 km x 25 kin, has smooth acoustic basement which is
present at the northern base of a seamount located at 46.60N,
159.80 E. Residual magnetic lineations are also present in this
area and may represent Cretaceous quiet zone seafloor spreading
anomalies.

In the western part of the survey area the bottom and
acoustic basement are rougher than in the eastern part. The local
geology is less homogeneous because seamounts are present.
Residual magnetic anomalies are generally associated with
seamounts and no correlatable lineations are apparent.
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I. INTRODUCTION

This note presents the results of a survey of Area 2, which was selected from
Green and Fleischer (1980, Fig. 1)? The survey was conducted by NORDA and NAVOCEANO
during 2-3 August 1980 aboard the USNS SILAS BENT. Data collected consist of eight

Lexpendable bathythermograph (XBT) records, one conductivity/temperature/depth (CTD)
record, 11 sonobuoy wide-angle reflection records, and approximately 250 km track

-- coverage for each of 3.5 kHz echograms, 12 kHz echograms, continuous seismic reflec-
tion profiles and total field magnetics. The sonobuoy data and continuous seismic08 reflection profiles were collected using two 30 kilojoule sparker sources; the
magnetics were collected using a proton precession magnetometer. Track lines were
laid out to detect assumed structural trends and to best explore the area within the
two days allotted.

The data are compiled in oceanographic and geological sections. The ocean-
- ographic section treats temperature and sound speed in the water column. The

geological section presents the local geology of Area 2 and includes geophysical
* -. maps at a scale of P.S. 4.

II. TEMPERATURE AND SOUND SPEED IN THE WATER COLUMN

Temperature and sound speed models are based upon XBT and CTD records
collected during the survey (Figs. 2 and 3). These models represent summer
conditions at Area 2. Values for the upper 200 m of the water column should vary
seasonally while values for water deeper than 200 m should be relatively constant.

XBT records (Fig. 2) show that a surface mixed layer, a vertical section with
-- homogeneous temperature, is either very shallow or nonexistent. Water temperature

is 11-14 0C at the surface and drops below 10oC within the upper 20 m. The XBT
-. records also show that the temperature decreases to a local minimum of about 10C

at a depth of 90-150 m, the axis of the sound channel.

The conductivity/temperature/depth (CTD) record shows that the temperature at
the axis is 0.820C at a depth of 117 m (Fig. 3). The record also shows that the

"" temperature increases gradually to 3.50C at a depth of 290 m and then gradually
decreases to 1.480C at 3217 m, the deepest point of the CTD cast. By extrapolat-
ing the curve down to the seafloor, the temperature of bottom water should be

.- approximately 1.1 0 C.

The instantaneous sound velocity profile shows a shallow mixed layer with the
sound velocity increasing slightly from 1491.68 m/sec at the surface to 1491.77 m/
sec at a depth of 12 m (Fig. 3). It then decreases rapidly to a minimum of
1452.38 m/sec at 115 m, the axis of the sound channel. Below that depth the sound
velocity increases to 1509.18 m/sec at 3217 m. Extrapolating downward to 5200 m, a
typical water depth in the area, the instantaneous sound velocity of bottom water
should be approximately 1540 m/sec.

The average sound velocity in the water column decreases gradually to a1 minimum of 1461.95 m/sec at 174 m and increases from there to 1484.85 m/sec atiat

*b 3217 m. Extrapolating the curve downward, the average sound velocity in the water
column reaches approximately 1500 m/sec at an average depth of 5200 m.

III. GEOLOGY

This section presents a compilation and analysis of the geophysical data

j collected on the 1980 SILAS BENT Cruise. The compilation is occasionallyi 1
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supplemented by data from the environmental report for the Northwest Pacific (Green
and Fleischer, 1980) which the reader should consult for an in-depth analysis of
Northwest Pacific geology.

A. PHYSIOGRAPHY

Area 2 is located in an abyssal hills province on the eastern flank of the
Hokkaido Rise (Fig. 1). Figure 4 illustrates the physiography of Area 2 by showing
bathymetry with bottom roughness superimposed. The northeastern region of Figure 4
shows a smooth bottom which slopes gently to the southeast at an average gradient of
about 1/350. Traversing this region is a northeast/southwest-oriented trough which
has relief of 50 m. The western area has seamounts and more variable bottom
roughness. Roughness is greatest at seamounts. The maximum measured slope is 1:3
and maximum relief is 1400 m for a seamount located at 46.60 N, 159.80 E.

B. SEDIMENTS

Sediment cores were not collected during the 1980 SILAS BENT Cruise;
however, two sediment cores were collected by Lamont-Doherty Geological Observatory
at locations near Area 2: R/V VEMA 20-123 at 46015'N, 157 055'E and R/V VEHA
20-122 at 46034'N, 1610411E (unpublished LDGO core descriptions). Sediments in
these cores represent the upper 13-15 m of the sediment column and contain

- . diatomaceous lutites occasionally interspersed with sandy volcanic ash layers. Rare
occurrences include plant material and ice-rafted pebbles. The sedimentation regime
represented by these core descriptions has been relatively constant since the
Miocene (Green and Fleischer, 1980). Because most unconsolidated sediments at Area
2 are post-Oligocene, these sediments should not differ greatly from the LDGO

-,. sediment descriptions.

* Physical properties of sediments at Area 2 are best inferred by the
analysis of sediments from DSDP site 193, 400 km southwest of Area 2. These
analyses are described in Green and Fleischer (1980).

S.

For this technical note, sediment thickness and structure are evaluated on
the basis of continuous seismic reflection profiles. Figure 5 shows the thickness
of the acoustic transparent layer which is assumed to be unconsolidated sediment.
Sediment thickness is greatest toward the northwest (0.5 sec) and thins toward the
southeast (0.35 sec). The areas with thicker sediment are nearer the Kuril Islands,
a source of volcanic detritus. Western areas of Figure 5 show rough bottom, high
relief and variable sediment thickness. For example, the seamount of 46.60N,
159.8 0E has thin sediment on its slopes and a 0.1 sec cap.

Sediments generally drape over acoustic basement; however, local excep-
tions appear to be caused by faulting, sediment ponding and slumping. Tensional
faulting which trends northeast-southwest appears to displace acoustic basement and
sediments throughout the area; however, the frequency and age of this faulting is
ambiguous on seismic reflection profiles. Also, evidence of sediment ponding exists
in the southwestern region where the northwest/southeast-trending trough might act

as a sediment channel (Fig. 6A). Slumping of sediments occurs on seamount slopes.

C. SEDIMENT VELOCITIES

Eleven sonobuoys were launched in the area of study for the purpose of
computing interval velocities (Fig. 2). Most of the sonobuoy data is unusable

* ~ because the sea bottom and/or acoustic basement are too rough for reliable sonobuoy
i Ldata. Sonobuoy station 8 is located within the smoothest part of Area 2, where

5
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Figure 6. Selected continuous seismic reflection profiles (see Fig. 2 for locations).
Profile A shows sediment ponding. Profile B shows smooth basement and
bottom at the base of a seamount. Acoustic velocities are shown for
measured vertical sections based on sonobuoy record 8.



conditions were deemed suitable for reliable interval velocity determinations
(Fig. 6B).

Interval velocities were computed according to the LePichon method
(LePichon et al., 1968) adapted for use on NORDA's computer facilities. Assumptions
were: (1) flat-lying layers, (2) a mixed-layer velocity of 1490 m/sec and (3) an
average water column velocity of 1500 m/sec.

Two solutions were computed for sonobuoy station number 8 (Fig. 6B). A
velocity of 1.860 km/sec (+0.055 km/sec) for a 460 m layer was found for the
interval from the seabed to the deepest horizontal reflector, possibly the top of
what is referred to as 2A (Houtz and Ewing, 1976). A velocity of 1.770 km/sec
(+0.125 km/sec) for a 350 m layer was found for an interval from the seabed to a
reflector somewhat shallower than layer 2A.

Each of the solutions is comparable to other solutions made in the
Northwest Pacific (Houtz et al., 1970). These solutions are also comparable to
assumed sediment velocities for the Pacific Basin of 1.74 km/sec (Houtz and Ludwig,
1979).

D. ACOUSTIC BASEMENT

" Figure 7 shows depth to acoustic basement with basement roughness super-
imposed. Although acoustic basement is generally rougher than bottom roughness, the
smoothest and roughest areas for both generally coincide. Smoothest acoustic
basement is around the base of the seamount located at 46.60N, 159.8 0E (Fig.
6B). This basement probably consists of secondary volcanic material derived from
the adjacent seamount. Isostatic subsidence of the basement is apparent at the base
of the seamount (Fig. 6B). Intermediate roughness areas are most widespread and are
generally associated with tensional faulting which trends northeast-southwest.
Acoustic basement for these areas might be composed of true oceanic basement which
originally formed at a spreading ridge, secondary volcanics, or consolidated
sediments such as chert lying on top of true basement. If chert is present, it
should not exceed 40 m thickness because the underlying crust probably formed
outside the high silica-producing zone (Green and Fleischer, 1980). The roughest
acoustic basement is generally associated with slopes of seamounts and is probably
oceanic basalt.

E. RESIDUAL MAGNETIC ANOMALIES

Figure 8A shows profiles of residual magnetic anomalies plotted on the
track control, and Figure 8B presents an interpretation of the anomalies. Visual
inspection of the profiles indicates that lineations of magnetic anomalies trend
N60 0E for northeastern areas of the survey, that no apparent lineations exist in
western areas, and that a 100+ anomaly is associated with the seamount at 46.60N,
159.8 0E.

The lineations in the northeast have the same trend as the Mesozoic

Japanese lineations mapped to the south (Hilde, 1976). Area 2 lineations might
represent Cretaceous quiet zone (CQZ) seafloor spreading anomalies because Area 2
anomalies are oriented correctly and have small amplitudes; however, standard

T anomaly configurations for CQZ anomalies are unknown so the existing anomalies
cannot be identified or dated. The lineations could also represent structural
features such as parallel faults (D. Handschumacher, pers. comm.), but the anomalies
do not appear to coincide with observable structure.
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Anomalies in the western area are probably caused by local structural
features. The basement and bottom are generally rough, and no lineations of
anomalies are apparent for this area. Seamounts are associated with the largest
anomalies.

IV. CONCLUSIONS

Data from the two-day SILAS BENT Cruise greatly added to our knowledge of the
local geology of Area 2. The area, approximately 40 km by 60 km, has relatively
smooth bottom and basement for broad expanses and apparently homogeneous geology.
No evidence was found for significant bottom currents, recently active faulting, or
high energy sedimentation regimes. The northeastern section of the survey measuring
25 km by 25 km appears to have the smoothest bottom and most homogeneous geology.
The presence of magnetic lineations in this area implies that seamounts are absent
because seamounts normally have distinctive anomaly patterns.

The data in this note generally agrees with that of Green and Fleischer
(1980). Area 2 was selected as a survey area because two continuous seismic
reflection profiles indicated that the bottom and acoustic basement were smooth and
that seamounts were absent. The data coverage for Area 2, as with most Northwest
Pacific locations, was rarely better than 50 km spacing. The 1980 survey consists
of 10 km spacing which should be sufficient for detecting major seamounts. Probably
no major physiographic features have been overlooked by the survey. The major
disagreement between the 1980 survey and the Green and Fleischer compilations is the
presence of a 1400 m seamount in the western section of the survey area. The
smoothest bottom and acoustic basement generally coincide with the base of this
seamount, an occurrence which might prove useful in detecting seamounts in other
Northwest Pacific locations.

Data concerning magnetic anomalies and sediment velocities fill data voids of
the Green and Fleischer report. The magnetic lineations mapped in the northwestern
section of Area 2 might be the first documented lineations for the Cretaceous quiet
zone of the Northwest Pacific.

On the other hand, the survey data are insufficient for various analyses. No
sediments were collected and we must rely upon previously collected sediment
descriptions and physical properties data. The magnetics and seismic reflection
data were not collected with close enough spacing to map small scale faulting,
physiographic trends and magnetic lineations. Knowledge of the acoustic velocity
structure of sediments and crust are poor. For more detailed velocity information
on the sediments and underlying layers, it will be necessary to use energy sources
with greater penetration capacity than can be achieved with 30 KJ sparkers. Also,
more precise velocity information could be achieved using ocean bottom seismometers
or a deep-towed geophysical array.
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